Our Ref.: 900-469 
SP4241US/TM 



U. S. PA TENT APPLICA TION 



Inventor(s): Narakazu SHIMOMURA 



Invention: SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD 

THEREOF 



NIXON & VANDERHYE P.C. 
ATTORNEYS AT LAW 
1100 NORTH GLEBE ROAD, 8™ FLOOR 
ARLINGTON, VIRGINIA 22201-4714 
(703) 816-4000 
Facsimile (703) 816-4100 



SPECIFICATION 



TITLE OP THE INVENTION 

SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREOF 
CROSS-REFERENCES TO RELATED APPLICATIONS 

5 This application is related to Japanese Patent 

Applications No. 2003-88671, filed on March 27, 2003, whose 
priority is claimed under 35 USC § 119, the disclosure of 
which is incorporated by reference in their entirety. 

10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
device, and more particularly, it relates to a semiconductor 
device and a manufacturing method thereof which can be used 
15 as an input/output protection circuit for preventing an 
electrostatic breakdown, 

2. Description of Related Art 

Conventionally, in order to prevent an electrostatic 
breakdown of the semiconductor device, a protection circuit 

20 using a diode is provided to each input/ output terminal of a 
semiconductor device. An example of conventional protection 
circuits is shown in Fig. 8. This protection circuit has a diode 
D in parallel to a gate electrode G of a transistor connected to 
an input terminal. A breakdown voltage of the diode D is set 

25 lower than a gate destruction voltage so that a destruction 
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current applied from the input terminal is fed to the diode D 
but not to the gate electrode G for protection of the gate 
electrode G. 

A breakdown current path 6 of a conventional diode 
5 manufactured by a well-known planar technique is shown in 
Fig. 9. In this figure, a breakdown current flow is localized in 
a curvature 5 (a region inside a dotted circle) at which a p-n 
junction is present. The above-mentioned phenomenon is 
caused by the fact that the field intensity is high at the p-n 

10 curvature 5, so that the p-n curvature 5 is lower than a bottom 
portion 7 in breakdown voltage. In this diode where the 
breakdown current flows in the small region inside a dotted 
circle, to increase the breakdown current, it is necessary to 
increase the area of the protection circuit itself and thereby 

15 increase the area of a chip. 

Recently, the reduction in chip area has been 
progressed in accordance with the improvements in the 
techniques for manufacturing the semiconductor device, and 
the area of the protection circuit has been forming an 

20 increasing proportion of a total area of the semiconductor 
device (chip area). Moreover, since a protection circuit is 
generally provided for each input/output terminal, the number 
of the input/ output terminals increases as the semiconductor 
device becomes more advanced, and the area of the protection 

25 circuit becomes increasingly larger. Thus, the need was felt 
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to reduce the area of the protection circuit in order to reduce 
the chip area. 

To meet this demand, a gate protection diode in which 
the breakdown current flows through a bottom portion of a p-n 
5 junction has been proposed (Japanese Unexamined Patent 
Publication No. SHO 61-35568). 

Fig. 10 shows a breakdown current path of a diode 
shown in the above-mentioned patent pubhcation. In this 
prior art, the breakdown voltage of a bottom portion 15 is set 

10 lower than that of the p-n junction curvature 5 by setting an 
impurity concentration of the p-n junction bottom portion 15 
locally higher than that of a p-n junction curvature 5 by single 
or double figures so that the breakdown current flows through 
a large area portion of the junction bottom portion 15. 

15 However, such a conventional manufacturing method 

as described in the above-mentioned patent publication has a 
problem that a large breakdown current can not flow since a 
resistance value of a P-type semiconductor region under an 
anode electrode 1 1 is high. 

20 SUMMARY OP THE INVENTION 

The present invention is to provide a semiconductor 
device and a manufacturing method thereof which allows a 
large breakdown current to flow by setting an impurity 
concentration of a P-type semiconductor under an anode 

25 electrode high and thereby decreasing a resistance value of the 
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same portion. 

In a first aspect, the present invention provides a 
semiconductor device comprising: a semiconductor substrate 
of a first conductivity, a first electrode formation region and a 
5 second electrode formation region formed adjacent to an inner 
surface of the semiconductor substrate, wherein the first 
electrode formation regions and the second electrode formation 
regions are isolated from each other via an element isolation 
region, in one of the first electrode formation region and the 

10 second electrode formation region an upper first-type impurity 
layer and a lower first-type impurity layer are formed, the 
lower first-type impurity layer has a different first-type 
impurity concentration from the upper first-type impurity layer 
and is formed under the upper first-type impurity layer, in the 

15 other electrode formation region a second-type impurity layer 
and a first-type impurity layer are formed and the first-type 
impurity layer is formed under a part of the second-type 
impurity layer having second-type impurities. 

According to this aspect of the present invention, the 

20 large breakdown current can flow between the first electrode 
formation region and the second electrode formation region 
since a portion having a high impurity concentration is formed 
in the first electrode formation region. Therefore, when the 
semiconductor device of the present invention is used as a 

25 protection circuit, the protection circuit of the present 
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invention can be smaller than the conventional protection 
circuits in area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing the construction of a 
5 semiconductor device according to one embodiment of the 
present invention; 

Fig. 2 is an explanatory view showing the 
manufacturing steps of a semiconductor device according to 
one embodiment of the present invention; 
10 Fig. 3 is an explanatory view showing the 

manufacturing steps of a semiconductor device according to 
one embodiment of the present invention; 

Fig. 4 is an explanatory view showing a breakdown 
current path of a semiconductor device of the present 
15 invention; 

Fig. 5 is an explanatory diagram showing the reverse 
current characteristics of a semiconductor device according to 
one embodiment of the present invention; 

Fig. 6 is a distribution diagram of the concentration of 
20 P-type impurities in a portion under an anode electrode of a 
semiconductor device according to one embodiment of the 
present invention; 

Fig. 7 is distribution diagram of the concentration of 
the P-type impurities in a portion under a cathode electrode of 
25 a semiconductor device according to one embodiment of the 
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present invention; 

Fig. 8 is an explanatory view showing a conventional 
protection circuit; 

Fig. 9 is an explanatory view showing a breakdown 
5 current path of a conventional diode; 

Fig. 10 is an explanatory view showing a breakdown 
current path of a conventional diode. 
DESCRIPTION OP THE PREFERRED EMBODIMENTS 

In this invention, in order to cause a large breakdown 

10 current to flow between a first electrode formation region and a 
second electrode formation region, it is preferable that an 
upper first-type impurity layer formed in one of the electrode 
formation regions is set higher than a lower first-type impurity 
layer formed thereunder in first-type impurity concentration. 

15 In a second aspect, the present invention provides a 

semiconductor device comprising: a semiconductor substrate 
of a P-type conductivity; an anode electrode formation region 
and a cathode electrode formation region which are formed 
adjacent to an inner surface of the semiconductor substrate, 

20 wherein the anode electrode formation region and a cathode 
electrode formation region are isolated from each other via an 
element isolation region, in the anode electrode formation 
region a first P-type diffusion layer and a second P-type 
diffusion layer are formed inside the substrate in order of 

25 increasing proximity to the inner surface of the substrate, the 



6 



first P-type diffusion layer is higher than the second P-type 
diffusion layer in P-type impurity concentration, in the cathode 
electrode formation region a first N-type diffusion layer and a 
third P-type diffusion layer are formed inside the substrate in 
5 order of increasing proximity to the inner surface of the 

substrate, and the third P-type diffusion layer is formed locally 
in a region exclusive of the vicinity of the element isolation 
region inside the cathode electrode formation region. 

In this aspect of the present invention, it is preferable 
10 that the first P-type diffusion layer is formed in a region from 
the surface of the substrate to 0.4 /x m in depth, and the 
second P-type diffusion layer is formed in a region at a depth 
of about 0.4 /z m to a depth of 1.0 /x m below the surface of the 
substrate. 

15 Since the region at the depth in a range of 0.4 /z m to 

1 11 m under the surface of the substrate is set higher than a 
conventional semiconductor device in P-type impurity 
concentration, a breakdown current about 1.2 to 1.4 times 
larger than that of a conventional semiconductor device can 

20 flow. Therefore, when the semiconductor device of the present 
invention is used as a protection circuit having the same 
performance as those of the conventional semiconductor 
devices, the area of the protection circuit can be reduced. 

In a third aspect, the present invention provides a 

25 method for manufacturing a semiconductor device comprising: 
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an element isolation step for forming element isolation regions 
at predetermined intervals so as to form the anode electrode 
formation region and the cathode electrode formation region 
apart from each other on the surface of the semiconductor 
5 substrate of a P-type conductivity; a first implantation step for 
implanting N-type impurities into the cathode electrode 
formation region; a second implantation step for implanting 
P-type impurities into the anode electrode formation region; a 
third implantation istep for implanting the P-type impurities 

10 throughout the anode electrode formation region and into a 
part of the cathode electrode formation region; a thermal 
diffusion step for diffusing the implanted P-type and N-type 
impurities by an annealing treatment, and an electrode 
formation step for forming an anode electrode and a cathode 

15 electrode by accumulating metal material on the 

semiconductor substrate in the anode electrode formation 
region and the cathode electrode formation region by means of 
sputtering. 

After the third implantation step, an upper P-type 
20 impurity layer and a lower P-type impurity layer are formed 
inside the substrate in the anode electrode formation region. 
It is preferable that the upper. P-type impurity layer is set 
higher than the lower P-type impurity layer in P-type impurity 
concentration. 

25 Furthermore, in order to prevent the breakdown 



current from being localized in a curvature of a p-n junction as 
in the conventional semiconductor device, it is preferable that 
the P-type impurities to be implanted into the cathode 
electrode formation region in the third implantation step is 
5 implanted in a region in the cathode electrode formation region 
which is 0.5 /z m or more apart from a portion in contact with 
the element isolation region. 

In a fourth aspect, the present invention provides the 
semiconductor device wherein on the semiconductor substrate 

10 an anode electrode and a cathode electrode are formed in the 
anode electrode formation region and the cathode electrode 
formation region, respectively, and a diode formed of the anode 
electrode and the cathode electrode is used as a protection 
circuit for input/output terminals. 

15 The following describes embodiments of the present 

invention in accordance with figures. However, it should be 
understood that the present invention is not limited by the 
following description of the embodiments. 

In the following description of the embodiments, a 

20 first conductivity refers to a P-type and second conductivity 
refers to an N-type. However and the first conductivity can 
refer to the N-type and the second conductivity can refer to the 
P-type. 

In other words, not only a P-type substrate but an 
25 N-type substrate can be used as a semiconductor substrate to 
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constitute a semiconductor device, and the same functions and 
effects as shown in the following embodiments can be obtained 
even when the N-type substrate is used. 
<Construction of Semiconductor Device> 
5 Fig. 1 is a sectional view showing the semiconductor 

device according to one embodiment of the present invention. 

In this embodiment, a so-called P-type well 102 
(P'type substrate) containing P-type impurities is used as a 
semiconductor substrate 101. In other words, the first 

10 conductivity is a P-type. 

As shown in Fig. 1, a plurality of element isolation 
regions 103 comprising an Si02 layer are formed on the surface 
of the P-type well 102 at predetermined intervals. Regions 
between these element isolation regions 103 are active regions. 

15 An electrode is formed in the active region. In the 

present invention, the active regions comprise at least a region 
in which an anode electrode 114 is formed (an anode electrode 
formation region A) and a region in which a cathode electrode 
115 is formed (a cathode electrode formation region B). 

20 Inside the substrate in the anode electrode formation 

region A, a P+-type diffusion layer 111 having a relatively high 
P-type impurity concentration and a P-type diffusion layer 112 
having a relatively low P-type impurity concentration are 
formed in this order when viewed from the surface of the 

25 substrate. 
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Since the semiconductor device of the present 
invention can be used as a protection circuit for semiconductor 
parts of various purposes, depths of these two diffusion layers 
can not be uniquely determined. However, the P^-type 
5 diffusion layer 111 may be, for example, about OAu m in depth 
from the surface of the substrate, and the P-type diffusion 
layer 112 may be at, for example, a depth of about OA ix m to 
1.0 m from the surface of the substrate. 

Further, the P-type impurity concentration of the 

10 P^-type diffusion layer 1 1 1 is set to, for example, about 1.0 X 
1020 to 1.0 X 10^'^ per 1 cm^, and the P-type impurity 
concentration of the P-type diffusion layer 112 is set to, for 
example, about 1.0 X 10^7 to 1.0 X lO^^ per 1 cm^. 

By setting the concentration and the depth of the two 

15 diffusion layers (111 and 112) as described above, the impurity 
concentration of the P-type diffusion layer 112 becomes about 
one figure higher than that of the P-type well 102, and 
therefore the resistance value of the anode electrode formation 
region can be lowered and a large breakdown current can flow. 

20 In the anode electrode formation region A shown in Fig. 

1, the anode electrode 1 14 is formed in an opening of an 
insulating film 113 and on a part of the P-^-type diffusion layer 
111. 

Inside the substrate in the cathode electrode 
25 formation region B, an N+-type diffusion layer 110 having 
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N-type impurities implanted therein and a P-type diffusion 
layer 112 having P-type impurities implanted therein are 
formed in this order when viewed from the surface of the 
substrate. 

5 In this embodiment, the N+-type diffusion layer 110 is, 

for example, a region of about 0.40 m m in depth from the 
surface of the substrate and the P-type diffusion layer 112 
under the N+-type diffusion layer is, for example, a region at a 
depth of about 0.40 ju m to 1.0 At m from the surface of the 

10 substrate. 

Furthermore, the N-type impurity concentration of the 
N+-type diffusion layer 110 is set to, for example, about 1.0 X 
1020 to 1.0 X 1017 per 1 cm^ and the P-type impurity 
concentration of the P-type diffusion layer 112 is set to, for 

15 example, about 1.0 X lO^^ to 1.0 X 10^6 per 1 cm^. 

Though the N^-type diffusion layer 110 is formed 
across the entire cathode electrode formation region 
sandwiched between two element isolation regions 103, the 
P-type diffusion layer 112 under the N+-type diffusion layer 

20 110 is formed in a part of the cathode electrode formation 
region B. Particularly, it is preferable that the P-type 
diffusion layer 112 is not formed in a portion close to the 
border of the element isolation region 103. By doing so, a 
breakdown current flow is kept from being localized in a 

25 curvature of a p-n junction when this semiconductor device of 
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the present invention is used as a diode for the protection 
circuit. 

For example, it is preferable that a region for forming 
the P-type diffusion layer 112 in the cathode electrode 
5 formation region B is a region at least about 0.5 ju m or more 
apart from the element isolation region 103. By setting a 
limitation on the region for forming the P-type diffusion layer 
112, the breakdown current can flow in a large area under the 
P-type diffusion layer 112 in the cathode electrode formation 

10 region B, but not in the curvature of the p-n junction. 

Further, in the cathode electrode formation region B, the 
cathode electrode 115 is formed in an opening of the insulating 
film 113 and on the P-type diffusion layer 112. 
<Manufacturing Method of Semiconductor Device> 

15 Figs. 2 and 3 are explanatory views showing 

manufacturing steps of the semiconductor device according to 
one embodiment of the present invention. This semiconductor 
device is a diode comprising an anode electrode and a cathode 
electrode. 

20 Fig. 2(a) shows an element isolation step. First, the 

semiconductor substrate 101 such as silicon substrate is 
prepared, and then P-type impurities such as boron are 
implanted into this semiconductor substrate 101 to form the 
P-type well 102. Next, the Si02 film 103 having a thickness of 

25 about 0.4 ju m is formed in a predetermined region on the 
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surface of the P-type well 102 by a LOCOS method to isolate 
elements. 

Two element regions isolated by three SiOa films 103 
are shown in Fig. 2(a). In this figure, an element region A is a 
5 region where the anode electrode of the diode is formed (the 

anode electrode formation region), and an element region B is a 
region where the cathode electrode of the diode is formed (the 
cathode electrode formation region). 

Fig. 2(b) shows implantation of N~type impurities into 

10 the cathode electrode formation region. First, a resist 104 is 
formed by a photolithography method so as to cover the anode 
electrode formation region A in which the anode electrode is 
formed. Then, N-type impurities 105 such as phosphorus or 
arsenic are implanted in the P-type well 102 portion of the 

15 cathode electrode formation region B by an ion-implantation 
method. The amount of the implanted impurities is set to 
about 2 X 10^5 to 4 X lO^^ (atoms/cm2). By doing so, a layer 
of the N-type impurities 105 is formed in the region for forming 
the cathode electrode which is adjacent to the surface of the 

20 P-type well 102. 

Fig. 2(c) shows implantation of P-type impurities into 
the anode electrode formation region. First, the resist 104 
formed in the previous step is removed, and then a resist 106 
is formed by the photolithography method so as to cover the 

25 cathode electrode formation region B. Next, P-type impurities 
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107 such as boron or boron difluoride are implanted in the 
P-type well 102 portion of the anode electrode formation region 
A by the ion-implantation method. The amount of the 
implanted impurities is set to about 1 X lO^^ to 3 X lO^^ 
5 (atoms/cm2). By doing so, a layer of the P-type impurities 
107 is formed in the region for forming the anode electrode. 

Fig. 3(a) shows implantation of P-type impurities. 
This step is carried out in order to raise the P-type impurity 
concentration of the anode electrode formation region A. First, 

10 the resist 106 formed in the previous step is removed, and 

then a resist 108 is formed by the photolithography method so 
as to cover a part of the cathode electrode formation region B. 
Next, P-type impurities 109 such as boron or boron difluoride 
are implanted in the anode electrode formation region A and a 

15 portion of the cathode electrode formation region B by the 
ion-implantation method. The amount of the implanted 
impurities is set to about 3 X 10^2 to 1 X lO^^ (atoms/cm2). 

According to this step, the P-type impurity 
concentration of the anode electrode formation region A can be 

20 raised and a layer 109-2 of the P-type impurities is formed in 
the portion of the cathode electrode formation region B. 
Supposing that the P-type impurity layer 109-2 is formed 
throughout the cathode electrode region B, the breakdown 
current flows in the curvature of the p-n junction as in 

25 conventional diodes and thus a large breakdown current can 
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not flow. Therefore, the P-type impurities are only implanted 
in the part of the cathode electrode formation region B, 
For example, when the width m of the cathode 
electrode formation region B is set to IOa^ m as shown in Fig. 
5 3(a), the resist 108 is formed so that the P-type impurities 109 
are not present in a portion whose width n is about 0.5 m m 
from the edge of the Si02 film 103 serving as the element 
isolation region. Thus, by providing a region in which the 
P-type impurity 109 is not present in the portion adjacent to 

10 the element isolation region within the cathode electrode 

formation region B, the breakdown current can be prevented 
from flowing in the curvature of the p-n junction and a large 
breakdown current can flow in a large area portion under the 
cathode electrode. 

15 In Fig. 3(a), the P-type impurity layer 107 corresponds 

to a first P-type diffusion layer, a P-type impurity layer 109-1 
corresponds to a second P-type diffusion layer, and the P-type 
impurity layer 109-2 corresponds to a third P-type diffusion 
layer. 

20 Fig. 3(b) shows a diffusion step. In this step, the 

resist 108 formed in the previous step is removed and an 
annealing treatment is performed at 800°C for about 30 to 60 
minutes. This process activates the implanted impurities, 
and therefore the N"*^-type diffusion layer 110, the P^-type 

25 diffusion layer 111, and the P-type diffusion layer 112 aire 
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formed as shown in Fig. 3(b). 

Fig. 3(c) shows formation of electrodes. First, as 
shown in Fig. 3(c), the insulating film 113 such as an Si02 film 
is accumulated on the entire surface of the substrate to about 
5 0.5 to 1.0 u m. Next, by performing a photolithography 
process and an etching process on the electrode formation 
regions (A and B), portions of the insulating film 1 13 in the 
electrode formation regions are removed to form openings. 
Then, after metal material is accumulated in the openings by a 

10 sputtering method, the photolithography process and the 

etching process are performed. Thus, as shown in Fig. 3(c), 
the anode electrode 114 and the cathode electrode 115 are 
formed in the openings. 

Fig. 3(c) is a view showing a completed construction of 

15 a diode for protecting input/ output of the semiconductor 

device according to one embodiment of the present invention. 

Fig. 4 is an explanatory view showing the breakdown 
current path of the semiconductor device of the present 
invention. It can be seen from this figure that a large 

20 breakdown current is flowing in a large area portion of the p-n 
junction bottom portion 35. 

Fig. 5 is a diagram showing the cathode 
voltage-current characteristics of the semiconductor device of 
the present invention, that is, the reverse current 

25 characteristics (breakdown current characteristics) of the diode 
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of the present invention. According to Fig. 5, a junction 
breakdown begins when the cathode voltage is about 15V, and 
then the breakdown current (cathode current) starts to flow. 
Further, when the voltage is higher than about 25V, a 
5 breakdown current larger than those of conventional diodes 
flows, and when the cathode voltage is 50 V, a breakdown 
current 1.4 times larger than those of conventional diodes can 
flow. 

It is believed that such a large breakdown current can 

10 flow because the P-type impurity concentration is set high in 
the vicinity of the surface of the P-type well 102 under the 
anode electrode 114 and thereby the resistance value of a 
portion under the anode electrode is reduced. 

Fig. 6 is a distribution diagram showing the P-type 

15 impurity concentration in a portion under the anode electrode 
114 of the semiconductor device of the present invention taken 
along line A1-A2 of Fig. 4. Fig. 7 is a distribution diagram 
showing the P-type impurity concentration in a portion under 
the cathode electrode 115 of the semiconductor device of the 

20 present invention taken along line C1-C2 of Fig. 4. The 
horizontal axis of the diagram shows the depth from the 
surface of the semiconductor substrate 101. 

In the distribution diagram of the P-type impurity 
concentration in a portion under the cathode electrode shown 

25 in Fig. 7, the P-type impurity concentration is high at a depth 
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of OA IX m to 0.9 Ai m. The conventional diode of Fig. 10 shows 
the same distribution pattern, and no remarkable difference is 
found between the two. 

On the other hand, in the distribution diagram of the 
5 P-type impurity concentration in a portion under the anode 

electrode shown in Fig. 6, the present invention shows a higher 
P-type impurity concentration'than the conventional diode 
shown in Fig. 10 at a depth of 0.4 /x m to 0.9 m m. For example, 
at a depth of about 0.6 ju m, the P-type impurity concentration 

10 of the present invention is nearly one figure higher than that of 
the conventional diode. In other words, since the P-type 
impurity concentration in the vicinity of the surface of the 
substrate under the anode electrode 114 is set higher than 
that of the conventional diode, the resistance value in the 

15 portion under the anode electrode can be reduced and a 

breakdown current larger than that of the conventional diode 
can flow. 

For instance, it is preferable that the P-type impurity 
concentration in the vicinity of the substrate under the anode 

20 electrode is 10 to 100 times higher than that of the 

conventional diode at a depth in a range of 0.4 to 0.9 /x m, and 
it is more preferable that the P-type impurity concentration in 
the vicinity of the substrate under the anode electrode is 10 
times higher than that of the conventional diode at a depth of 

25 about 0.4 iU m to 0.60 /i m. By adjusting the P-type impurity 
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concentration as described above, a breakdown current 
(cathode current) about 1.2 to 1.4 times larger than that of the 
conventional diode can flow with the cathode voltage in a range 
of 30V to 50V. 

5 Besides, in comparison to the conventional diode 

shown in Fig. 10, the area of the cathode electrode of the 
present invention can be reduced to be about 1/1.2 times to 
1/1.4 times smaller than that of the conventional diode if only 
the same amount of breakdown current as that of the 

10 conventional diode is required. 

In other words, the area of the cathode electrode can 
be reduced for about 17% to 2.9% when compared to that of the 
conventional diode. Therefore, when the semiconductor 
device of the present invention is used as a protection circuit 

15 for preventing an electrostatic breakdown of input/output 
terminals, the area of the protection circuit can be smaller. 
As a result of this, a semiconductor IC can be downsized. 

According to the present invention, the large 
breakdown current can flow since a portion having a high 

20 impurity concentration is formed in the first electrode 
formation region. 

Further, according .to another aspect of the present 
invention, since the P-type impurity concentration in the 
vicinity of the substrate in the anode electrode forming region 

25 is locally set high, the resistance value in the portion under 
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the anode electrode can be reduced and the breakdown current 
larger than that of the conventional diode can flow. 

Therefore, when the semiconductor device of the 
present invention is used as a protection circuit, the area of 
the protection circuit can be reduced compared to that of the 
conventional diode. 
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